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CROSS-REFERENCE TO RELATED APPLICATION 
This application is based on Japanese Patent 
Applications No. 2003 -57562 filed on March 4,2003, 
No. 2003-57563 filed on March 4, 2003, No. 2003 -61205 filed on 
March 7, 2003, and No. 2003 -88843 filed on March 27,2003, the 
disclosures of which are incorporated herein by reference. 



FIELD OF THE INVENTION 
The present invention relates to a secondary air supply 
control apparatus for an internal combustio n engine for 
supplying secondary air to a catalyst in an exhaust passage 
15 of the internal combustion engine to activate the catalyst. 
Description of the Related Art 



BACKGROUND OF THE INVENTION 
Conventionally, as related art documents relating to a 
20 secondary air supply control apparatus of an internal 
combustion engine, JP -A-5-171973 is known. This document 
discloses a technique to warm up a catalyst early without 
using a high capacity air pump. 

In the above related art, an air -fuel ratio supplied 
25 to the internal combustion engine is set to a rich side and 
secondary air is supplied, so that the catalyst can be early 
warmed up and activated. Conventionally, an air -fuel ratio 
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feedback control during supply of secondary air has not been 
generally carried out since it is difficult. Thus, there has 
been a disadvantage that when the air -fuel ratio is disturbed 
by some disturbance factor during the supply of the secondary 
5 air, the engine rotation speed is much changed and the 
drivability becomes worse. 

In order to cope with this, it is effective to execute 
the air-fuel ratio feedback control during the supply of the 
secondary air, however, when setting of a target air -fuel 

10 ratio at the time of start of the execution is not suitable, 
the air-fuel ratio supplied to the internal combustion engine 
is suddenly changed by this target air -fuel ratio, and a 
change occurs in the engine rotation speed, and as a result, 
there is fear that there occurs such a disadvantage that the 

15 drivability becomes worse. 

Besides, according to JP-A-6-212959 , after an upstream 
side catalyst is activated among plural catalysts, and when 
secondary air is being supplied to an exhaust system, heat 
energy, together with exhaust discharged to the exhaust 

20 system from the internal combustion engi ne, to be conveyed 
to the plural catalysts is increased, and since the heat 
energy, together with the exhaust, to be conveyed to the 
respective catalysts is not increased before the activation 
of the upstream side catalyst, degradation of emission is 

25 suppressed by that, and warm-up of the catalyst can be quickly 
performed. 

Besides, according to JP -A-2001-263050 , since exhaust 
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gas from an internal combustion engine is heated up to the 
temperature at which it can burn in an exhaust passage at an 
upstream side of a catalyst, afterburning occurs, and the 
catalyst can be warmed up early by its burning heat, and 
5 unburned HC (hydrocarbon) exhausted from the internal 
combustion engine is burned by the afterburning. 

SUMMARY OF THE INVENTION 
The present invention has been made to solve such 

10 disadvantages and has an object to provide a secondary air 
supply control apparatus of an internal combustion engine 
which executes an air -fuel ratio feedback control during 
supply of secondary air, and suitably sets a target air -fuel 
ratio at the start time of execution of the air -fuel ratio 

15 feedback control, so that a change in engine rotation speed 
is suppressed and drivability can be improved. 

According to a secondary air supply control apparatus 
of an internal combustion eng ine of the invention, when a 
specified air -fuel ratio feedback control condition is 

20 established during supply of secondary air supplied by a 
secondary air supply mechanism into an exhaust passage at an 
upstream side of a catalyst, an air -fuel ratio feedback 
control is executed by an air -fuel ratio feedback control unit 
to cause an air -fuel ratio detected by an air -fuel ratio 

25 detection unit to become coincident with a target air -fuel 
ratio. As stated above, the air -fuel ratio feedback control 
is executed during the supply of the secondary air, so that 
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a disturbance in the air -fuel ratio due to an external factor 
is suppressed during the supply of the secondary air, a change 
in the engine rotation speed during the supply of the 
secondary air is suppressed, an d the drivability is improved. 
5 Besides, in the air -fuel ratio feedback control unit of 

the secondary air supply control apparatus of the internal 
combustion engine, an initial value of the target air -fuel 
ratio at a start time of execution of the air -fuel ratio 
feedback control is set to an air -fuel ratio detected by the 

10 air-fuel ratio detection unit at this time, and the subsequent 
target air -fuel ratio is gradually changed from this initial 
value to a specified air -fuel ratio. As stated above, since 
the initial value of the target air -fuel ratio is set to the 
air-fuel ratio detected by the air -fuel ratio detection unit 

15 at this time, the change in the engine rotation speed at the 
start time of the execution of the air -fuel ratio feedback 
control is suppressed, and since the target air -fuel ratio 
is gradually changed from this initial value to the specified 
air-fuel ratio, also after the execution start of the air -fuel 

20 ratio feedback control, the change in the engine rotation 
speed is excellently suppressed until the target air -fuel 
ratio becomes the specified air -fuel ratio, and the 
drivability is improved . 

Besides, in the air -fuel ratio feedback control unit of 

25 the secondary air supply control apparatus of the internal 
combustion engine of the invention, an initial value of the 
target air -fuel ratio at a start time of execution of the 
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air-fuel ratio feedback control is set to a minimum air -fuel 
ratio detected by the air -fuel ratio detection unit in a 
specified period from a supply start of the secondary ai r, 
and the subsequent target air - fuel ratio is gradually changed 
5 from this initial value to a specified air -fuel ratio. As 
stated above, since the initial value of the target air -fuel 
ratio is set to the minimum air -fuel ratio detected by the 
air-fuel ratio detection unit in the specified period from 
the supply start of the secondary air, the change in the engine 

10 rotation speed at the start time of the execution of the 
air-fuel ratio feedback control is suppressed, and since the 
target air -fuel ratio is gradually changed from this initial 
value to the specified air -fuel ratio, also after the 
execution start of the air -fuel ratio feedback control, the 

15 change in the engine rotation speed is excellently suppressed 
until the target air -fuel ratio becomes the specified 
air-fuel ratio, and the drivability is improved. 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a schematic structural view showing an internal 

combustion engine to which a secondary air supply control 
apparatus according to an embodiment of the inv ention is 
applied and its peripheral equipment. 

Fig. 2 is a flowchart showing a processing procedure of 
25 a secondary air supply control by a CPU of an ECU used in the 
secondary air supply control apparatus of the internal 
combustion engine according to the embodiment of the 
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invention. 

Fig. 3 is a flowchart showing a processing procedure of 
a fuel injection control by the CPU of the ECU used in the 
secondary air supply control apparatus of the internal 
5 combustion engine according to the embodiment of the 
invention. 

Fig. 4 is a flowchart showing a processing procedure of 
an open loop control in Fig. 3. 

Fig. 5 is a flowchart showing a processing procedure of 
10 an air-fuel ratio F/B control in Fig. 3. 

Fig. 6 is a flowchart showing a processing procedure of 
target air-fuel ratio setting in Fig. 5. 

Fig. 7 is a flowchart showing a processing procedure of 
target air -fuel ratio setting at the ON time of an air pump 
15 in Fig. 6. 

Figs. 8A and 8B are time charts showing transition states 
of various sensor signals and v arious control amounts 
corresponding to the secondary air supply control of Figs. 
2 to 7, and corresponding to a secondary air supply control 
2 0 for comparison in which a target air -fuel ratio is set to a 
stoichiometric air -fuel ratio at a start time of execution 
of an air- fuel ratio F/B control during supply of secondary 
air. 

Fig. 9 is a flowchart showing a processing procedure of 
25 an air pump OFF time target air -fuel ratio setting in Fig. 
6. 

Figs. 10A and 10B are time charts showing transition 
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states of various sensor signals and various control amounts 
corresponding to the secondary air supply control of Figs. 
2 to 9, and a conventional secondary air supply control for 
comparison. 

5 Fig. 11 is a flowchart showing a modified example of the 

processing procedure of the air pump OFF time target air -fuel 
ratio setting of Fig. 9. 

Fig. 12 is a flowchart showing a processing procedure 
of real air-fuel ratio calculation in Fig. 11. 

10 Fig. 13 is a time chart showing transition states of 

various sensor signals and vario us control amounts 
corresponding to a modified example of the secondary air 
supply control of Figs. 11 and 12. 

Fig. 14 is a flowchart showing a processing procedure 

15 of an open loop control in Fig. 3. 

Fig. 15 is a flowchart showing a processing procedure o f air 
pump correction amount calculation in Fig. 4. 

Figs. 16A and 16B are time charts showing transition 
states of various sensor signals and various control amounts 

2 0 corresponding to the secondary air supply control , and 
corresponding to a case for compar ison in which a fuel 
injection amount to an internal combustion engine is simply 
corrected to be increased during the supply of the secondary 
air. 

25 Fig. 17 is a flowchart showing a processing procedure 

of air pump ON time target air -fuel ratio setting in Fig. 6. 
Figs. 18A and 18B are time charts showing transition 
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states of various sensor signals and various control amounts 
corresponding to the secondary air supply control, and 
corresponding to a secondary air supply control for 
comparison in which an air -fuel ratio F/B control is executed 
5 by using a before -catalyst air -fuel ratio as it is during the 
supply of the secondary air. 

Fig. 19 is a flowchart showing a modified example of the 
processing procedure of the air pump ON time target air -fuel 
ratio setting in Fig. 17. 

10 

DETAILED DESCRIPTION OF EMBODIMENTS 
Hereinafter, embodiments of the present invention will 
be described with reference to the drawings . 

Fig. 1 is a schematic structural view showing an internal 
15 combustion engine to which a secondary air s upply control 
apparatus of an internal combustion engine according to a 
first embodiment of the invention is applied and its 
peripheral equipment . 

In Fig. 1, reference numeral 10 denotes an internal 
20 combustion engine, and an air flow meter 12 for detect in g the 
amount of intake air supplied through a not -shown air cleaner 
is disposed at the upstream side of an intake passage 11 of 
the internal combustion engine 10. A throttle valve 13 for 
adjusting the intake air amount to the internal combustion 
25 engine 10 is disposed at the downstream side of the air flow 
meter 12. The throttle valve 13 is provided with a throttle 
opening sensor 14 for detecting the degree of opening thereof. 
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An injector (fuel injection valve) 16 for injecting and 
supplying fuel is disposed in the intake passage 11 and in 
the vicinity of an intake port 15 of each cylinder of the 
internal combustion engine 10. 
5 Then, an air -fuel mixture of the intake air adjusted by 

the throttle valve 13 and the fuel injected and supplied by 
the injector 1 6 is introduced into a combustion chamber 18 
of the internal combustion engine 10 by opening an intake 
valve 17. Besides, an ignition plug 19 is disposed for each 

10 cylinder at a cylinder head side of the internal combustion 
engine 10. The air -fuel mixture in the combustion chamber 
18 is ignited by spark discharge of the ignition plug 19. The 
air-fuel mixture is burned in the combustion chamber 18, and 
then, an exhaust valve 21 is opened so that the mixture is 

15 exhausted as an exhaust gas from the combustio n chamber 18 
to an exhaust passage 22. 

A well-known three-way catalyst 23 is disposed in the 
exhaust passage 22, an A/F (air -fuel ratio) sensor 24 for 
outputting a linear signal in accordance with the air -fuel 

20 ratio of the exhaust gas is disposed at the u pstream side 
thereof. An output voltage of the oxygen sensor25 is inverted 
according to whether the air -fuel ratio of the exhaust gas 
is rich or lean with respect to a stoichiometric air -fuel 
ratio . An oxygen sensor 25 is disposed at the downstream side 

25 thereof. Besides, a crank shaft 26 of the internal combustion 
engine 10 is provided with a crank angle sensor 27 for 
detecting a crank angle [ °CA (Crank Angle)] as its rotation 



9 



angle. The engine rotation speed of the internal combustion 
engine 10 is calculated on the basis of the crank angle which 
is detected by the crank angle sensor 27 and by which the crank 
shaft 2 6 rotates in a specified time. Further, a water 
5 temperature sensor 28 for detecting a cooling water 
temperature is disposed in the internal combustion engine 10. 

Next, a structure of a secondary air supply mechanism 
30 for supplying outer air into the exhaust passage 22 will 
be described. A secondary air supply passage 31 for supply 

10 of secondary air is connected to the exhaust passage 22 at 
the upstream side of the A/F sensor 24. An air filter 32 is 
disposed at the atmospheric side of the secondary air supply 
passage 31, and an air pump 33 for pressure sending the 
secondary air is disposed at the downstream side of the air 

15 filter 32. 

A combination valve 3 4 is disposed at the exhaust passage 
22 side of the air pump 33. The combination valve 34 is 
constructed such that a pressure driving type open/close 
valve 35 for opening/closing the secondary air supply passage 

20 31 and a check valve 3 6 at the downstream side thereof are 
unified. In the open/close valve 35 of the combination valve 
34, opening/closing is switched by back pressure introduced 
through an intake pressure introduction passage 37. The 
intake pressure introduction passage 37 is co nnected to the 

25 intake passage 11, and the back pressure of the open/close 
valve 35 is switched between the atmospheric pressure and the 
intake pressure by an electromagnetic driving type switching 
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valve 38 disposed midway in the intake pressure introductio n 
passage 37. 

That is, in the case where the secondary air is supplied, 
the switching valve 38 is opened to introduce the intake 
5 pressure of the intake passage 11. Then, the open/close valve 
35 is opened by introducing the intake pressure to the 
open/close valve 35. By this, the secondary air discharged 
from the air pump 33 passes through the open/close valve 3 5 
and flows to the check valve 3 6 side. The check valve 3 6 is 

10 for regulating the inflow of the exhaust gas from the exhaust 
passage 22, and when the secondary air pressure of the air 
pump 33 becomes higher than the exhaust gas pressure, the 
check valve 36 is opened by the pressure, and the secondary 
air is supplied into the exhaust passage 22. 

15 On the other hand, in the case where the secondary air 

is stopped, the air pump 33 is stopped, and the switching valve 
38 is switched to a position where the atmospheric pressure 
is introduced, so that the atmospheric pressure is introduced 
to the open/close valve 35. By this, the open/close valve 

20 35 is closed. Then, the secondary air to the exhaust passage 
22 is stopped, the pressure of the secondary air does not act 
on the check valve 36, and the pressure at the exhaust passage 
22 side becomes high. Thus, the check valve 36 is 
automatically closed, and it is possible to prevent the 

25 exhaust gas in the exhaust passage 22 from flowing backward 
to the air pump 33 side. 

Reference numeral 40 denotes an ECU (Electronic Control 
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Unit) / and the ECU 40 is constructed as a logical operation 
circuit including a CPU 41 as a central processing unit for 
executing various well-known operation processings, a ROM 42 
for storing a control program, a control map and the like, 
5 a RAM 43 for storing various data, a B/U (backup) RAM 44, an 
input /output circuit 45, a bus line 46 fo r connecting them, 
and the like. The foregoing various sensor signals are 
inputted to the ECU 40, and on the basis of the inputted 
signals, control signals are outputted from the ECU 4 0 to the 
10 injector 16, the ignition plug 19, the air pump 33 of the 
secondary air supply mechanism 30, the switching valve 3 8 and 
the like. 

Next, a processing procedure of a secondary air supply 
control by the CPU 41 of the ECU 40 used in the secondary air 

15 supply control apparatus of the internal combustion engine 
according to the embodiment of the invention will be described 
based on a flowchart of Fig. 2 and with reference to Figs. 
8A and 8B. Here, Fig. 8A is a time chart showing transition 
states of various sensor signals and various control amounts 

20 corresponding to the secondary air supply control of the 
embodiment, and Fig. 8B is a time chart showing transition 
states of various sensor signals and various control amounts 
corresponding to a secondary air supply control for 
comparison in which a target air -fuel ratio is set to a 

25 stoichiometric air -fuel ratio at the start time of execution 
of an air-fuel ratio feedback control during supply of 
secondary air. Incidentally, this secondary air supply 
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control routine is repeatedly executed by the CPU 41 at 
specified time intervals. 

In Fig. 2, at step S101, it is judged whether a secondary 
air supply condition for early warm -up and activation of the 
5 three-way catalyst 23 is established. This secondary air 
supply control condition is established when a cooling water 
temperature detected by the water sensor 2 8 is a specified 
temperature or higher , a stop period of the internal 
combustion engine 10 from warm -up is short , or an intake air 

10 amount is relatively small. When the judgment condition of 
the step S101 is established, that i s, when the secondary air 
supply control condition is established, the procedure 
proceeds to step SI 02, the air pump 33 is turned ON (see a 
period from time tO to time t2 shown in Fig. 8A in which the 

15 secondary air is being supplied), and this routine is e nded. 

At the time when this air pump 33 is ON , as described 
above, the switching valve 38 constituting the secondary air 
supply mechanism 30 is opened, and the intake pressure is 
introduced to the open/close valve 35 of the combination valve 

20 34 through the intake pressure introduction passage 37 so that 
the open/close valve 35 is opened. By this, the secondary 
air discharged from the air pump 33 passes through the 
open/close valve 35, and when the secondary air pressure of 
the air pump 33 becomes higher t han the exhaust gas pressure, 

25 the check valve 36 of the combination valve 34 is opened, and 
the secondary air passes through the secondary air supply 
passage 31 and is supplied from a secondary air supply hole 
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31a into the exhaust passage 22. 

On the other hand, when the judgment condition of the 
step S101 is not established, that is, when the secondary air 
supply control condition is not established, the procedure 
5 proceeds to step S103, the air pump 33 is turned OFF (see a 
period before time to and after t 2 shown in Fig. 8A in which 
the secondary air supply is stopped), and this routine is 
ended. At the time when the air pump 33 is OFF, as described 
above, the switching valve 38 constituting the secondary air 

10 supply mechanism 30 is closed, and the atmosphe ric pressure 
is introduced to the open/close valve 35 of the combination 
valve 34 through the intake pressure introduction passage 37 
so that the open/close valve 35 is closed. By this, the 
pressure at the exhaust passage 22 side becomes high, and the 

15 check valve 36 of the combination valve 34 is automatically 
closed. 

Next, a processing procedure of a fuel injection control 
by the CPU 41 of the ECU 40 used in the secondary air supply 
control apparatus of the internal combustion engine according 
20 to the first embodiment of the invention will be described 
based on a flowchart of Fig. 3 and with reference to Figs. 
8A and 8B. Incidentally, this fuel injection control routine 
is repeatedly executed by the CPU 41 at specified time 
intervals . 

25 In Fig. 3, at step 201, it is judged whether starting 

of the internal combustion engine 10 is completed. Here, it 
is judged whether the engine rotation speed becomes, for 
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example 500 [rpm] or higher by cranking, and the internal 
combustion engine 10 is in the starting compl etion state. 
When the judgment condition of the step S201 is not 
established, that is, when the internal combustion engine 10 
5 has not yet been in the starting completion state, the 
procedure proceeds to step S202, a well -known starting time 
increase in fuel injection amount is executed as a starting 
time control processing on the basis of the cooling water 
temperature detected by the temperature sensor 28, and this 

10 routine is ended • 

On the other hand, when the judgment condition of the 
step S201 is established, that is, when the internal 
combustion engine 10 is in the starting completion state, the 
procedure proceeds to step S203, and it is judged whether an 

15 air-fuel ratio F/B (feedback) control condition is 
established. The air -fuel ratio F/B control condition is 
established when the A/F sensor 24 is activated and the 
operation state of the internal combustion engine 10 is in 
a steady state, not a transition state. When the judgment 

20 condition of the step 203 is not established, that is, when 
the A/F sensor 24 is inactive or the operation state of the 
internal combustion engine 10 is in the transition state and 
the air-fuel ratio F/B control condition is not established, 
the procedure proceeds to step S204, an after -mentioned open 

25 loop control processing is executed, and this routine is 
ended . 

On the other hand, when the judgment condition of the 
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step S203 is established, that is, when the A/F sensor 24 is 
activated and the operation state of the internal combustion 
engine 10 is in the steady state and the air-fuel ratio F/B 
control condition is established (time tl shown in Fig. 8A), 
5 the procedure proceeds to step S205, an after -mentioned 
air-fuel ratio F/B control processing is executed, and this 
routine is ended. 

Next, a processing procedure of the open loop control 
at the step S204 of the fuel injection control routine of Fig. 

10 3 will be described based on a flowchart of Fig. 4 and with 
reference to Figs. 8A and 8B. 

In Fig. 4, at step S301, a basic fuel injection amount 
TP is calculated based on the eng ine rotation speed and the 
intake air amount. Next, the procedure proceeds to step S3 02, 

15 and it is judged whether cold starting is performed. When 
the judgment condition of the step S302 is established, that 
is, when the cooling water temperature is low to be is a 
specified temperature or lower, and the cold starting is 
performed, the procedure proceeds to step S303, and it is 

2 0 judged whether the air pump 33 is ON. When the judgment 
condition of the step S303 is established, that is, when the 
air pump 33 is ON and the secondary air passes through the 
secondary air supply passage 31 and is supplied from the 
secondary air supply hole 31a into the exhaust passage 2 2 

25 (time to to time t2 shown in Fig. 8A) , the procedure proceeds 
to step S304. 

At the step S304, an air pump correction amount of the 



16 



fuel injection amount on the basis of the secondary air supply 
from the air pump 33 is calculated. Next, the procedure 
proceeds to step S305, and an after -starting correction 
amount of the fuel injection amount is cal culated on the basis 
5 of the engine rotation speed and the load. Next, the procedure 
proceeds to step S306, and a warm -up correction amount of the 
fuel injection amount is calculated on the basis of the 
cooling water temperature. Next, the procedure proce eds to 
step S3 07, and other correction amount 1 is calculated. 

10 On the other hand, when the judgment condition of the 

step S303 is not established, that is, when the air pump 33 
is OFF and the secondary air is not supplied (before time tO 
and after time t2 shown in Fig. 8A), the procedure proceeds 
to step S308, and the after -starting correction amount of the 

15 fuel injection amount is calculated on the basis of the engine 
rotation speed and the load. Next, the procedure proceeds 
to step S3 09, and the warm-up correction amount of the fuel 
injection amount is calculated on the basis of the cooling 
water temperature. Next, the procedure proceeds to step S3 10, 

2 0 and the other correction amount 1 is calculated on the basis 
of other operation parameters of the inter nal combustion 
engine 10. 

On the other hand, when the judgment condition of the 
step S302 is not established, that is, when the cooling water 
25 temperature is high to be a specified temperature or higher 
and the cold starting is not performed, the procedure proceeds 
to step S311, and other correction amount 2 is calculated on 
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the basis of other operation parameters of the internal 
combustion engine 10. After the processing of the step S307, 
the step S3 10 or the step S311, the procedure proceeds to step 
S312, the final fuel injection amount TAU is calculated based 
5 on a following math expression (1) , and this routine is ended. 

TAU = TP + (air pump correction amount) + (after -starting 
correction amount) + (warm-up correction amount) + (other 
correction amount 1) + (other correction amount 2) • • (1) 

10 

Next, a processing procedure of the air -fuel ratio F/B 
control at the step S2 05 of the fuel injection control routine 
of Fig. 3 will be described based on a flowchart of Fig. 5 
and with reference to Figs. 8A and 8B. 

15 In Fig. 5, at step S401, an after -mentioned target 

air-fuel ratio setting processing is executed. Next, the 
procedure proceeds to step S402, the air -fuel ratio F/B 
control processing is executed with respect to the target 
air-fuel ratio set at the s tep S401, and this routine is ended. 

20 In this air-fuel ratio F/B control processing, the fuel 
injection amount is adjusted so that an after -mention 
combustion air -fuel ratio as an air -fuel ratio which is 
estimated and calculated on the basis of at least on e of an 
engine rotation speed of the internal combustion engine 10 , 

25 a load, an intake air amount, a cooling water temperature and 
an after-starting elapsed time, is supplied to the internal 
combustion engine 10 and contributes to combustion is 



18 



directed to the rich side and the lean side with respect to 
the target air -fuel ratio according to the rich dither 
coefficient and the lean dither coefficient set on the basis 
of a before -catalyst air -fuel ratio BCR (see Fig. 8A) detected 
5 by the A/F sensor 24 and intr oduced to the three-way catalyst 
23 as is commonly known. 

Next, a processing procedure of the target air -fuel 
ratio setting at the step S401 of the air -fuel ratio F/B 
control routine of Fig. 5 will be described based on a 

10 flowchart of Fig. 6 and with reference to Figs. 8A and 8B. 

In Fig. 6, at step S501, it is judged whether the air 
pump 33 is ON. When the judgment condition of the step S501 
is established, that is, when the secondary air is being 
supplied from the air pump 33, the procedure proceeds to step 

15 S502, and an APON flag indicating that the secondary air is 
being supplied from the air pump 33 is set to "1". On the 
other hand, when the judgment condition of the step S501 is 
not established, that is, when the secondary air is not being 
supplied from the air pump 33, the step S502 is skipped. 

20 Next, the procedure proceeds to step S503, and it is 

judged whether the APON flag is "1". When the judgment 
condition of the step S503 is established, that is, when the 
APON flag is "1" and the secondary ai r is being supplied from 
the air pump 33 (time tO to time t2 shown in Fig. 8A) , the 

25 procedure proceeds to step S504, an after -mentioned target 
air-fuel ratio setting processing at the air pump ON time is 
executed, and this routine is ended. On the other h and, when 
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the judgment condition of the step S503 is not established , 
that is, when the APON flag is "0" and the secondary air is 
not being supplied from the air pump 33 (before time to and 
after time t2 shown in Fig* 8A) , the procedure proceeds to 
5 step S505, a well-known normal target air -fuel ratio setting 
processing is executed, and this routine is ended. 

Next, a processing procedure of target air -fuel ratio 
setting at the air pump ON time and during the supply of the 
secondary air at the step S504 of the target air-fuel ratio 

10 setting routine of Fig. 6 will be described based on a 
flowchart of Fig. 7 and with reference to Figs. 8A and 8B. 

In Fig. 7, at step S601, it is judged whether the air 
pump is ON, the secondary air is being supplied, and first 
target air -fuel ratio setting is performed. When the judgment 

15 condition of the step S601 is established, that is, when the 
first target air -fuel ratio setting is performed (time tl 
shown in Fig. 8A), the procedure proceeds to step S602, and 
a before-catalyst air-fuel ratio BCR calculation processing 
for calculating the before-catalyst air -fuel ratio (see Fig. 

20 8A) detected by the A/F sensor 24 and introduced to the 
three-way catalyst 23 is executed. Next, the procedure 
proceeds to step S603, and a final targe t air-fuel ratio FTR 
is set to a stoichiometric air -fuel ratio. 

Next, the procedure proceeds to step S604, a target 

25 air- fuel ratio gradual change amount GCA is calculated on the 
basis of a difference between the before -catalyst air -fuel 
ratio as the initial value of the target air -fuel ratio 



calculated at the step S602 and the stoichiometric air -fuel 
ratio set at the step S603. Next, the procedure proceeds to 
step S605, the before -catalyst air -fuel ratio calculated at 
the step S602 is made the first targe t air-fuel ratio at the 
5 air pump ON time, and this routine is ended. 

On the other hand, when the judgment condition of the 
step S601 is not established, that is, when the first target 
air-fuel ratio setting is not performed (period from time tl 
shown in Fig. 8A to a time when the before -catalyst air -fuel 

10 ratio becomes 1.0 (stoichiometric air -fuel ratio)), the 
procedure proceeds to step S606, and a new target air -fuel 
ratio is calculated by adding the target air -fuel ratio 
gradual change amount calculated a t the step S604 to the last 
target air -fuel ratio. Next, the procedure proceeds to step 

15 S607, and it is judged whether the target air -fuel ratio 
reaches the stoichiometric air -fuel ratio as the final target 
air-fuel ratio. When the judgment condition of the step S607 
is not established, that is, when the target air -fuel ratio 
has not yet reached the stoichiometric air -fuel ratio, this 

20 routine is ended. 

On the other hand, when the judgment condition of the 
step S607 is established, that is, when the targe t air-fuel 
ratio reaches the stoichiometric air -fuel ratio as the final 
target air-fuel ratio, the procedure proceeds to step S608, 

25 and the final target air -fuel ratio is made the target 
air-fuel ratio. Next, the procedure proceeds to step S609, 
the APON flag is set to "0", that is, it is indicated that 
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the air -fuel ratio control during the supply of the secondary 
air is ended, and this routine is ended. 

In the secondary air supply control shown in Fig. 8B, 
similarly to the foregoing embodiment, the secon dary air is 
5 supplied in a period of from time tOO to time t02. However, 
at time tOl, that is, at the start time of execution of the 
air-fuel ratio F/B control during the supply of the secondary 
air, the target air -fuel ratio is set to 1.0 (stoichiometric 
air-fuel ratio). Thus, the before -catalyst air -fuel ratio 

10 BCR is suddenly changed to the stoichiometric air -fuel ratio 
from time tOl. It is understood that due to the sudden change 
of the before -catalyst air -fuel ratio BCR, a large change 
occurs in the engine rotation speed after time tOl, and the 
drivability becomes worse. 

15 As stated above, the secondary air supply control 

apparatus includes the three -way catalyst 23 disposed midway 
in the exhaust passage 22 of the internal combustion engine 
10 and for purifying the exhaust gas, the secondary air supply 
mechanism 3 0 for supplying the secondary air into the exhaust 

20 passage 22 at the upstream side of the three -way catalyst 23, 
the A/F sensor 24 as the air -fuel ratio detection unit 
disposed in the exhaust pa ssage 22 between the three -way 
catalyst 23 and the secondary air supply hole 31a and for 
detecting the air -fuel ratio in the exhaust gas, and the 

25 air-fuel ratio F/B control unit realized by the CPU 41 of the- 
ECU 40 and for executing, when the specified air -fuel ratio 
F/B (feedback) control condition is established during the 
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supply of the secondary air provided by the secondary air 
supply mechanism 30, the air -fuel ratio F/B control to cause 
the air -fuel ratio detected by the A/F sensor 24 to become 
coincident with the previously set target air -fuel ratio. 
Besides , the air -fuel ratio F/B control unit realized by the 
CPU 41 of the ECU 40 of the secondary air supply control 
apparatus of the internal combustion engine of the embodiment 
sets the initial value of the target air -fuel ratio at the 
start time of the execution of the air -fuel ratio F/B control 
to the air-fuel ratio detected by the A/F sensor 24 at this 
time, and gradually changes the subsequent target air -fuel 
ratio from this initial value to the spe cif ied air -fuel ratio. 

That is, when the specified air -fuel ratio F/B control 
condition is established during the supply of the secondary 
air provided by the secondary air supply mechanism 30, the 
air-fuel ratio F/B control is executed to cause the air -fuel 
ratio detected by the A/F sensor 24 to become coincident with 
the target air -fuel ratio, the initial value of the target 
air-fuel ratio at the start time of the execution is made the 
air-fuel ratio detected by the A/F sensor 24 at this time and 
is set to the lean side, and the subsequent target air -fuel 
ratio is gradually changed until it becomes the 
stoichiometric air -fuel ratio as the specified air -fuel ratio 
from the initial value. By this, at the start time of the 
execution of the air -fuel ratio F/B control during the supply 
of the secondary air, the initial value of the target air -fuel 
ratio can be suitably set to the air -fuel ratio at the lean 
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side detected by the A/F sensor 24 at this time, and then, 
the air- fuel ratio is gradually changed to the stoichiometric 
air-fuel ratio, so that the change in the engine rotation 
speed is suppressed and the drivability can be improved. 
5 In the above embodiment, the secondary air supply 

mechanism 30 adopts such structure that the combination valve 
34 is used, and the back pressure of the open/close valve 35 
is switched between the atmospheric pressure and the intake 
pressure at the intake passage 11 side by the switching valve 

10 3 8 disposed midway in the intake pressure introduction 
passage 37. However, in the case where the invention is 
carried out, it is not limited to this, for example, the intake 
pressure at the intake passage 11 side is not used, and an 
electromagnetic drive valve is disposed midway in the 

15 secondary air supply passage 31, and the electromagne tic 
drive valve may be opened/closed in synchronization with 
ON/OFF of the air pump 33. 

Besides, in the above embodiment, the before -catalyst 
air-fuel ratio BCR detected by the A/F sensor 24 during the 

20 supply of the secondary air is set to the initial val ue of 
the target air -fuel ratio in the air -fuel ratio F/B control. 
However, in the case where the invention is carried out, it 
is not limited to this, and the initial value of the target 
air-fuel ratio in the air -fuel ratio F/B control can be more 

25 suitably set by taking the change of the before -catalyst 
air-fuel ratio into consideration. 

That is, the actual before -catalyst air-fuel ratio 



detected by the A/F sensor 24 during the supply of the 
secondary air is repeatedly changed every burning cycle of 
each cylinder of the internal combustion engine 10. 
Accordingly , the initial value of the target air -fuel ratio 
5 in the air -fuel ratio F/B control during the supply of the 
secondary air is set to a minimum air -fuel ratio of the 
bef ore-catalyst air -fuel ratio in a specified period, that 
is, the rich side value of the changing before -catalyst 
air-fuel ratio which appears to most faithfully reflect the 

10 combustion state of the internal combustion engine 10 at this 
time, so that the change in the engine rotation spee d at the 
start time of the execution of the air -fuel ratio F/B control 
during the supply of the secondary air is suppressed, and the 
drivability can be improved. 

15 The air-fuel ratio F/B control unit realized by the CPU 

41 of the ECU 40 of the secondary air supply control apparatus 
of the internal combustion engine as stated above sets the 
initial value of the target air -fuel ratio at the start time 
of the execution of the air -fuel ratio F/B control to the 

20 minimum air -fuel ratio in the specified period detec ted by 
the A/F sensor 24 from the supply start of the secondary air, 
and gradually changes the subsequent target air -fuel ratio 
from the initial value to the stoichiometric air -fuel ratio 
as the specified air -fuel ratio. Since the initial value of 

25 the target air-fuel rai:io can be set more suitably, the 
operation and effect of the foregoing embodiment can be 
obtained more stably. 
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Next, a second embodiment of the present invention will 
be described. 

An internal combustion engine to which a secondary air 
supply control apparatus of an internal combustion engine is 
5 applied and its peripheral equipment are the same as those 
of the first embodiment shown in Fig. 1. 

A processing procedure of a secondary air supply control 
by the CPU 41 of the ECU 40 used in the secondary air supply 
control apparatus of the internal combustion engine according 

10 to the second embodiment of the invention will be described 
based on the flowchart of Fig. 2 and with reference to Figs. 
10A and 10B. Here, Fig. 10A is a time chart showin g transition 
states of various sensor signals and various control amounts 
corresponding to the secondary air supply control of this 

15 embodiment, and Fig. 1 OB is a time chart showing transition 
states of various sensor signals and various control amounts 
corresponding to a conventional secondary air supply control 
for comparison. Incidentally, this secondary air supply 
control routine is repeatedly executed by the CPU 41 at 

20 specified time intervals. 

In Fig. 2, at step S101, it is judged whether a secondary 
air supply control condition for early warming up and 
activating the three-way catalyst 23 is established. This 
secondary air supply control condition is established when 

25 the cooling water temperature detected by the water 
temperature sensor 28 is a speci f ied temperature or higher, 
the stop period of the internal combustion engine 10 from 
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warm-up is short, or the intake air amount is relatively small. 
When the judgment condition of the step S101 is established, 
that is, the secondary air supply control co ndition is 
established, the procedure proceeds to step SI 02, the air pump 
5 33 is turned ON (see a period of from time to to time t2 shown 
in Fig. 10A in which the secondary air is being supplied), 
and this routine is ended. 

When the judgment condition of t he step S101 is not 
established, that is, the secondary air supply control 

10 condition is not established, the procedure proceeds to step 
S103, the air pump 33 is turned OFF (see a period before time 
tO and after time t2 shown in Fig. 10A in which the supply 
of the secondary air is stopped), and this routine is ended. 
The processing of the fuel injection control by the CPU 

15 41 of the ECU 40 is performed on the basis of the flowchart 
of Fig. 3 similarly to the first embodiment, and is repeatedly 
executed by the CPU 41 at specified time intervals. 

Next, a processing procedure of an open loop control at 
the step S204 of the fuel injection control routine of Fig. 

20 3 will be described based on the flowchart of Fig. 4 and with 
reference to Figs. 10A and 10B. 

In Fig. 4, at step S301, a basic fuel injection amount 
TP is calculated on the basis of the engine rotation speed 
and the intake air amount. Next, the procedure proceeds to 

25 step S302, and it is judged whether cold starting is performed. 
When the judgment condition of the step S302 is established, 
that is, when the cooling water temperature is low to be lower 



27 



than a specified temperature, and the cold starting is 
performed, the procedure proceeds to step S303, and it is 
judged whether the air pump 33 is ON. Whe n the judgment 
condition of the step S303 is established, that is, the air 
5 pump 33 is ON and the secondary air passes through the 
secondary air supply passage 31 and is supplied from the 
secondary air supply hole 31a into the exhaust passage 22 
(time to to t2 shown in Fig. 10A), the procedure proceeds to 
step S304. 

10 At the step S304, an air pump correction amount of the 

fuel injection amount on the basis of the supply of the 
secondary air from the air pump 33 is calculated. Next, the 
procedure proceeds to step S305, and an after -starting 
correction amount of the fuel injection amount is calculated 

15 on the basis of the engine rotation speed and the load. Next, 
the procedure proceeds to step S306, and a warm -up correction 
amount of the fuel injection amount i s calculated on the basis 
of the cooling water temperature. Next, the procedure 
proceeds to step S307, and other correction amount 1 is 

2 0 calculated. 

On the other hand, when the judgment condition of the 
step S303 is not established, that is, when the air pump 33 
is OFF and the secondary air is not being supplied (before 
time to and after time t2 shown in Fig. 10A) , the procedure 

25 proceeds to step S308, and the after -starting correction 
amount of the fuel injection amount is calculated on the basis 
of the engine rotation speed and the load. Next, the procedure 



proceeds to step S309, and the warm -up correction amount of 
the fuel injection amount is calculated on the basis of the 
cooling water temperature. Next, the procedure proceeds to 
step S3 10, and the other correction amount 1 is calculated 
5 on the basis of the other operation parameters of the internal 
combustion engine 10. 

On the other hand, the judgment condition of the step 
S302 is not established, that is, the cooling water 
temperature is high to be the specified temperature or higher, 

10 and the cold starting is not performed, the procedure proceeds 
to step S311, and the other correction amount 2 is calculated 
on the basis of the other operation parameters of the internal 
combustion engine 10. After th e processing of the step S307, 
the step s310 or the step S3 11 is performed, the procedure 

15 proceeds to step S312, a final fuel injection amount TAU is 
calculated, and this routine is ended. 

Next, a processing procedure of the air -fuel ratio F/B 
control at the step S205 of the fuel injection control routine 
of Fig. 3 will be described based on the flowchart of Fig. 

20 5 and with reference to Figs. 10A and 10B. 

In Fig. 5, at step S401, an after -mentioned target 
air-fuel ratio setting processing is executed. Ne xt, the 
procedure proceeds to step S402, the air -fuel ratio F/B 
control processing is executed for the target air -fuel ratio 

25 set* at the step S401, and this routine is ended. In this 
air-fuel ratio F/B control processing, the fuel injection 
amount is adjusted so that an after -mention combustion 
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air-fuel ratio as an air -fuel ratio which is estimated and 
calculated on the basis of at least one of the engine rotation 
speed of the internal combustion engine 10 , the load, the 
intake air amount, the cooling water temperature and the 
5 after-starting elapsed time, is supplied to the internal 
combustion engine 10 and contributes to combustion is 
directed to the rich side and the lean side with respect to 
the target air -fuel ratio according to the rich dither 
coefficient and the lean dither coefficient set on the basis 

10 of the before -catalyst air-fuel ratio (see Fig. 10A) detected 
by the A/F sensor 24 and introduced to the three -way catalyst 
23 as is commonly known. 

Next, a processing procedure of the target air -fuel 
ratio setting at the step S4 01 of the air -fuel ratio F/B 

15 control routine of Fig. 5 will be described based on the 
flowchart of Fig. 6 and with reference to Figs. 10A and 10B. 

In Fig. 6, at step S501, it is judged whether the air 
pump 33 is turned OFF from the ON state. When the judgment 
condition of the step S501 is established, that is, when the 

20 air pump becomes ON -» OFF and the supply of the secondary air 
from the air pump 33 is just ended, the procedure proceeds 
to step S502, and an APOFF flag indicating that the supply 
of the secondary air from the air pump 33 is just ended is 
set to "1". On the other hand, when the judgment condition 

25 of the step S501 is not established, that is, when the supply 
of the secondary air from the air pump 33 is not just ende d, 
the step S502 is skipped. 
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Next, the procedure proceeds to step S503, and it is 
judged whether the APOFF flag is " 1" . When the judgment 
condition of the step S503 is established, that is, when the 
APOFF flag is "1" and the supply of the secondary air f rom 
5 the air pump 33 is just ended (time t2 shown in Fig. 10A) , 
the procedure proceeds to step S504, and an after -mentioned 
target air-fuel ratio setting processing at the OFF time of 
the air pump is executed, and this routine is ended. On the 
other hand, the judgment condition of the step S503 is not 

10 established, that is, when the APOFF flag is "0" and the supply 
of the secondary air from the air pump 33 is not just ended 
(time tl to time t2 shown in Fig. 10A), the procedure proceeds 
to step S505, a well-known normal target air -fuel ratio 
setting processing is executed, and this routine is ended. 

15 Next, a processing procedure of the target air -fuel 

ratio setting at the OFF time of the air pump at the step S504 
of the target air -fuel ratio setting routine of Fig. 6 and 
immediately after the end of the supply of the secondary air 
will be described based on a flowchart of Fig. 9 and with 

20 reference to Figs. 8A and 8B. 

In Fig. 9, at step S6011, it is judged whether the air 
pump is OFF, the supply of the secondar y air is just ended, 
and the first target air -fuel ratio setting is performed. 
When the judgment condition of the step S6011 is established, 

25 that is, when the first target air -fuel ratio setting is 
performed (time t2 shown in Fig. 10A), the procedure proc eeds 
to step S6021, and a combustion air -fuel ratio estimate 
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processing for estimating a combustion air -fuel ratio as an 
air-fuel ratio supplied to the internal combustion engine 10 
and contributing to combustion is executed. This combustion 
air-fuel ratio is estimated and calculated on the basis of 
5 at least one of the engine rotation speed of the internal 
combustion engine 10 , the load, the intake air amount , the 
cooling water temperature , and the after -starting elapsed 
time. Next, the procedure proceeds to step S6031, and the 
final target air -fuel ratio FTR is set to the stoichiometric 

10 air-fuel ratio. 

Next, the procedure proceeds to step S6041, and a target 
air-fuel ratio gradual change amount GCA is calculated on the 
basis of a difference between the c ombustion air -fuel ratio 
estimated at the step S6021 as the initial value of the target 

15 air-fuel ratio and the stoichiometric air -fuel ratio set at 
the step S6031. Next, the procedure proceeds to step S6051, 
the combustion air -fuel ratio estimated at the step S6021 is 
made the first target air -fuel ratio at the OFF time of the 
air pump, and this routine is ended. 

20 On the other hand, when the judgment condition of the 

step S6011 is not established, that is, when the first target 
air-fuel ratio setting is not performed (period of from time 
t2 shown in Fig. 10A to a time when the combustion air -fuel 
ratio becomes 1.0 (stoichiometric air -fuel ratio)), the 

25 procedure proceeds to step S6061, and a new target air -fuel 
ratio is calculated by adding the target air -fuel ratio 
gradual change amount calculated at the step S6041 to the last 



target air-fuel ratio. Next, the procedure proceeds to step 
S6071, and it is judged whether the target air -fuel ratio 
reaches the stoichiometric air -fuel ratio as the final target 
air-fuel ratio. When the judgment condition of the step S6071 
5 is not established, that is, when the target air -fuel ratio 
has not yet reached the stoichiometric air -fuel ratio, this 
routine is ended. 

On the other hand, when the judgment condition of the 
step S6071 is established, that is, when the target air -fuel 

10 ratio has reached the stoichiometric air -fuel ratio as the 
final target air -fuel ratio, the procedure proceeds to step 
S6081, and the final target air -fuel ratio is made the target 
air- fuel ratio. Next, the procedure proceeds to step S6091, 
the APOFF flag is set to "0", that is, it is indicated that 

15 the air -fuel ratio control is ended at the time immediately 
after the supply of the secondary air is ended, and this 
routine is ended. 

In the conventional secondary air supply control shown 
in Fig. 10B, similarly to the foregoing embodiment, the 

20 secondary air is supplied in a period of from time tOl to time 
t02. However, immediately after the supply of the secondary 
air is ended at time t02, the target air-fuel ratio is set 
to 1.0 (stoichiometric air -fuel ratio). Thus, the combustion 
air- fuel ratio is immediately suddenly changed to the 

25 stoichiometric air -fuel ratio from time t02. Due to the 
sudden change of the combustion air -fuel ratio, there occurs 
a large change in the engine rotation speed after time t02, 



and the drivability becomes worse. 

As stated above , the secondary air supply control 
apparatus of the internal combustion engine of this 
embodiment includes the three -way catalyst 23 disposed mi dway 
5 in the exhaust passage 22 of the internal combustion engine 
10 and for purifying the exhaust gas, the secondary air supply 
mechanism 30 for supplying the secondary air into the exhaust 
passage 22 at the upstream side of the three -way catalyst 23, 
the A/F sensor 24 as the air -fuel ratio detection unit 

10 disposed in the exhaust passage 22 at the upstream side of 
the three-way catalyst 23 and at the downstream side of the 
secondary air supply hole 31a of the secondary air supply 
passage 31 and for detecting the air-fuel ratio in the exhaust 
gas, the air -fuel ratio estimation unit realized by the CPU 

15 41 of the ECU 40 and for estimating the air -fuel ratio supplied 
to the internal combustion engine 10 on the basis of various 
operation parameters, and the target air-fuel ratio setting 
unit realized by the CPU 41 of the ECU 40 and for setting the 
initial value of the target air -fuel ratio for the air -fuel 

2 0 ratio detected by the A/F sensor 24 in the air -fuel ratio F/B 
(feedback) control immediately after the end of the supply 
of the secondary air provided by the secondary air supply 
mechanism 30 to the air -fuel ratio estimated by the air -fuel 
ratio estimation unit at this time. Besides, in the secondary 

25' air supply control apparatus of the internal combustion 
engine of this embodiment, the various operation parameters 
include at least one of the engine rotation speed, the load, 
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the intake air amount, the cooling water temperature and the 
after-starting elapsed time. 

That is, the initial value of the target air -fuel ratio 
for the air-fuel ratio detected by the A/F sensor 24 in the 
5 air-fuel ratio F/B control immediately after the end of the 
supply of the secondary air provided by the secondary air 
supply mechanism 30 is set to the air -fuel ratio which is 
estimated on the basis of the various operation parameters 
of the internal combustion engine 10, is supplied to the 

10 internal combustion engine 10 and contributes to the 
combustion, and the subsequent target air -fuel ratio is 
gradually changed from the initial value to th e 
stoichiometric air -fuel ratio. By this, in the air -fuel ratio 
F/B control immediately after the end of the supply of the 

15 secondary air, the initial value of the target air -fuel ratio 
can be suitably set, and then, it is gradually changed to the 
stoichiometric air -fuel ratio, so that the change in the 
engine rotation speed is suppressed and the drivability can 
be improved. 

20 Next, a modified example of the processing procedure of 

the air pump OFF time target air -fuel ratio setting of Fig. 
9 in the foregoing embodiment will be described based on a 
flowchart of Fig. 11 and with reference to Fig. 13. Here, 
Fig. 13 is a time chart showing transition states of various 

25 sensor signals and various control amounts corresponding to 
a secondary air supply control of this modified example. 

In Fig. 11, since step S7011, step S7031, step S7041 and 
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step S7061 to step S7091 correspond to the step S6011, the 
step S6031, the step S6041 and the step S6061 to the step S6091 
of the foregoing embodiment, their detailed descript ion will 
be omitted. Here, at step S7 021, an after -mentioned actual 
5 air-fuel ratio calculation processing is executed. Besides, 
at step S7051, the actual air -fuel ratio (see actual air -fuel 
ratio shown at time t3 of Fig. 13) calculated at the step S7021 
is made an initial target air -fuel ratio at the air pump OFF 
time, and this routine is ended. 

10 Next, a processing procedure of the actual air -fuel 

ratio calculation at the step S7021 of the air pump OFF time 
target air-fuel ratio setting will be described based on a 
flowchart of Fig. 12 and with reference to Fig. 13. 

In Fig. 12, at a step S8011, the air -fuel ratio F/B 

15 control is stopped to be suspended (time t2 shown in Fig. 13) . 
Next, the procedure proceeds to step S8021, and it is judged 
whether a specified time (period of from time t2 to time t3 
shown in Fig. 13) has passed. As this specified time, a period 
in which after the secondary air supply is ended, the air -fuel 

20 ratio becomes stable and detectable by the A/F sensor 24 is 
previously set. When the specified time has passed at the 
step S8021, the procedure proceeds to step S8031, and an 
air-fuel ratio detection value detected by the A/F sensor 24 
is read in. Next, the procedure proceeds to step S8041, the 

25 air-fuel ratio detection value read in at the step S8031 is 
made the actual air -fuel ratio, and this routine is ended. 
Incidentally, as described above, although the combustion 
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air-fuel ratio is based on the estimate calculation, the 
actual air-fuel ratio is the air -fuel ratio detection value 
actually detected by the A/F sensor 24. Besides , as the stop 
time in the air-fuel ratio F/B control at the step S8011, a 
5 minimum time (period of from time t2 to time t4 shown in Fig. 
13) is set which is longer than the specified time and in which 
the air-fuel ratio detection value from the A/F sensor 24 can 
be read in. 

As stated above, the secondary air supply control 

10 apparatus of the internal combustion engine of this modified 
example includes the three-way catalyst 23 disposed midway 
in the exhaust passage 22 of the internal combustion engine 
10 and for purifying the exhaust gas, the secondary air supply 
mechanism 30 for supplying the secondary air into the exhaust 

15 passage 22 at the upstream side of the three -way catalyst 23 , 
the A/F sensor 24 as the air -fuel ratio detection unit 
disposed in the exhaust passage 22 at the upstream side of 
the three-way catalyst 23 and at the downstream side of the 
secondary air supply hole 31a of the secondary air supply 

20 passage 31 and for detecting the air -fuel ratio in the exhaust 
gas, and the target air -fuel ratio setting unit realized by 
the CPU 41 of the ECU 40 and for setting the initial value 
of the target air -fuel ratio for the air -fuel ratio detected 
by the A/F sensor 24 in the air -fuel ratio F/B (feedback) 

25 control immediately after the end of the supply of the 
secondary air provided by the secondary air supply mechanism 
30 to the actual air -fuel ratio as the air -fuel ratio 
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detection value detected by the A/F sensor 24 after the 
specified time has passed since the air -fuel ratio F/B control 
was suspended , and for gradually changing the subsequent 
target air -fuel ratio from the initial value to the 
5 stoichiometric air -fuel ratio. 

That is, the initial value of the target air -fuel ratio 
for the air-fuel ratio detected by the A/F sensor 24 in the 
air-fuel ratio F/B control immediately after the end of the 
supply of the secondary air provided by the secondary air 

10 supply mechanism 30 is set to the actual air -fuel ratio 
detected by the A/F sensor 24 after the specified time has 
passed since the air -fuel ratio F/B control was suspended, 
and the subsequent target air -fuel ratio is gradually changed 
from the initial value to the stoichiometric air -fuel ratio. 

15 By this, in the air -fuel ratio F/B control immediately after, 
the end of the supply of the secondary air, the initial value 
of the target air -fuel ratio can be suitably set, and then, 
it is gradually changed to the stoichiometric air -fuel ratio, 
so that the change in the engine rotation speed is suppressed 

20 and the drivability can be improved. 

Hereinafter, a third embodiment of the present invention 
will be described. 

An internal combustion engine to which a secondary air 
supply control apparatus of an internal combustion engine is 

25 applied and its peripheral equipment are the s ame as those 
of the first embodiment shown in Fig. 1. 

A processing procedure of a secondary air supply control 
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by the CPU 41 of the ECU 40 used in the secondary air supply 
control apparatus of the internal combustion engine according 
to the third embodiment of the invention will be described 
based on the flowchart of Fig. 2 and with reference to Figs, 
5 16A and 16B. Here, Fig. 16A is a time chart showing transition 
states of various sensor signals and various control amounts 
corresponding to the secondary a ir supply control of this 
embodiment, and Fig. 16B is a time chart showing, for 
comparison, transition states of various sensor signals and 

10 various control amounts at the time when an amount increasing 
correction of a fuel injection amount to the internal 
combustion engine is simply performed during the supply of 
the secondary air. Incidentally, this secondary air supply 
control routine is repeatedly executed by the CPU 41 at 

15 specified time intervals. 

In Fig. 2, at step S101, it is judged whether the 
secondary air supply control condition for early warming up 
and activating the three -way catalyst 23 is established. The 
secondary air supply control condition is established when 

20 the cooling water temperature detected by the water 
temperature sensor 28 is a specified temperature or higher, 
the stop period of the internal combustion engine 10 after 
warm-up is short, or the intake air amount is relatively small. 
When the judgment condition of the step S101 is established, 

25 that is, the secondary air supply cont rol condition is 
established, the procedure proceeds to step S102, the air pump 
33 is turned ON (see a period of from time tl to time t4 shown 
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in Fig, 16A in which the secondary air is being supplied) , 
and this routine is ended. 

When the judgment conditio n of the step S101 is not 
established , that is, the secondary air supply control 
5 condition is not established , the procedure proceeds to step 
S103, the air pump 33 is turned OFF (see a period before time 
tl and after time t4 shown in Fig. 16A in which the supply 
of the secondary air is stopped), and this routine is ended. 
A processing of a fuel injection control by the CPU 41 

10 is performed on the basis of the flowchart of Fig. 3 similarly 
to the first embodiment, and is repeatedly executed by the 
CPU 41 at specified time intervals. 

Next, a processing procedure of an open loop control at 
step S204 of the fuel injection control routine of Fig. 3 will 

15 be described based on a flowchart of Fig. 14. Incidentally, 
this routine corresponds to a case where irrespec tive of 
ON/OFF of the air pump 33, the amount increasing correction 
of the fuel injection amount to the internal combustion engine 
10 is not performed during the supply of the secondary air 

20 as well as at the initial stage of the supply of the secondary 
air, and unburned HC (hydrocarbon) from the internal 
combustion engine 10 at this time is shown in Fig. 16A by a 
broken line indicating a case without the fuel injection 
amount increasing correction. 

25 In Fig. 14, at step S3012, a basic fuel injection amount 

TP is calculated on the basis of the engine rotation speed 
and the intake air amount. Next, the procedure proceeds to 



40 



step S3022, and it is judged whether cold starting is 
performed. When the judgment condition of the step S3022 is 
established, that is, when the cooling water temperature is 
low to be lower than a specified temperature and the cold 
5 starting is performed, the procedure proceeds to step S3032, 
and an after -starting correction amount of the fuel injection 
amount is calculated on the basis of t he engine rotation speed 
and the load. Next, the procedure proceeds to step S3042, 
and a warm-up correction amount of the fuel injection amount 

10 is calculated on the basis of the cooling water temperature. 
Next, the procedure proceeds to step S3052, and o ther 
correction amount 1 is calculated. 

On the other hand, when the judgment condition of the 
step S3022 is not established, that is, when the cooling water 

15 temperature is high to be the specified temperature or higher 
and the cold starting is not perform ed, the procedure proceeds 
to step S3062, and other correction amount 2 is calculated 
on the basis of the other operation parameters of the internal 
combustion engine 10. After the processing of the step S3052 

20 or the step S3062, the procedure proceeds to step S3072, the 
final fuel injection amount TAU is calculated, and this 
routine is ended. 

As stated above, in the case where irrespective of ON/OFF 
of the air pump 33, the amount increasing correction of the 

25 fuel injection amount to the internal combust io n engine 10 
is not performed during the supply of the secondary air as 
well as at the initial stage of the supply of the secondary 
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air, the increase ,in the unburned HC from the internal 
combustion engine 10 is not caused as indicated by the broken 
line in Fig. 16A. Besides, since the change in the engine 
rotation speed does not occur, the drivability does not become 
5 worse. 

Next, a processing procedure of the air -fuel ratio F/B 
control at the step S205 of the fuel injection control routine 
of Fig. 3 will be described based on the flowchart of Fig. 
5 and with reference to Figs. 16A and 16B. 

10 In Fig. 5, at step S401, a target air -fuel ratio is set 

to 1.0 (stoichiometric air -fuel ratio) in a target air -fuel 
ratio setting processing. Next, the procedure procee ds to 
step S402, the air -fuel ratio F/B control processing is 
executed for the target air -fuel ratio set at the step S401, 

15 and this routine is ended. In this air -fuel ratio F/B control 
processing, as is commonly known, the fuel injection amount 
is adjusted so that the combustion air -fuel ratio as the 
air-fuel ratio which is estimated and calculated on the basis 
of at least one of the engine rotation speed of the internal 

20 combustion engine 10, the load, the intake air amount, the 
cooling water temperature a nd the after -starting elapsed time, 
is supplied to the internal combustion engine 10 and 
contributes to the combustion is directed to the rich side 
and the lean side with respect to the target air -fuel ratio 

25 according to the rich dither coefficient and the lean dither 
coefficient set on the basis of the before -catalyst air -fuel 
ratio (see Fig. 16A) detected by the A/F sensor 24 and 
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introduced to the three-way catalyst 23. 

As stated above, the secondary air supply control 
apparatus of the internal combustio n engine of this 
embodiment includes the three -way catalyst 23 disposed midway 
5 in the exhaust passage 22 of the internal combustion engine 
10 and for purifying the exhaust gas, the secondary air supply 
mechanism 30 for supplying the secondary air into the exhaust 
passage 22 at the upstream side of the three -way catalyst 23, 
and the fuel supply control unit realized by the CPU 41 of 

10 the ECU 40 and for inhibiting the increase in the fuel 
injection amount to the internal combustion engine 10 during 
the supply of the secondary air provided by the secondary air 
supply mechanism 30. That is, the amount increasing 
correction of the fuel injection amount to the internal 

15 combustion engine 10 is not performed during the supply of 
the secondary air provided by the sec ondary air supply 
mechanism 30, so that the increase of the unburned HC from 
the internal combustion engine 10 can be prevented. Besides, 
naturally, since a sudden change in the air -fuel ratio 

20 supplied to the internal combustion engine is not caused, it 
is possible to prevent the drivability from becoming worse 
due to the change in the engine rotation speed. 

Next, a modified example of the processing procedure of 
the open loop control at the step S204 of the fuel injection 

25 control routine of Fig. 3 in the foregoing embodiment will 
be described based on the flowchart of Fig. 4 and with 
reference to Figs. 16A and 16B. Incidentally, this routine 
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corresponds to the case where the air pump 33 is ON and the 
amount increasing correction of the fuel injection amo unt to 
the internal combustion engine 10 is performed during the 
supply of the secondary air, and the unburned HC from the 
5 internal combustion engine 10 at this time is shown in Fig. 
16A by a solid line indicating the case with the fuel injection 
amount increasing correction. 

In Fig. 4, at step S301, a basic fuel injection amount 
TP is calculated on the basis of the engine rotation speed 

10 and the intake air amount. Next, the procedure proceeds to 
step S3 02, and it is judged whether cold starting is perform ed. 
When the judgment condition of the step S3 02 is established, 
that is, the cooling water temperature is low to be lower than 
a specified temperature and the cold starting is performed, 

15 the procedure proceeds to step S303, and it is judged whether 
the air pump 33 is ON. When the judgment condition of the 
step S303 is established, that is, the air pump 33 is ON and 
the secondary air passes through the secondary air supply 
passage 31 and is supplied from the secondary air supply hole 

20 31a into the exhaust passage 22 (time tl to t4 shown in Fig. 
16A), the procedure proceeds to step S304. 

At the step S304, an air pump correction amount of the 
fuel injection amount is calculated on the basis of the 
secondary air supply from the air pump 33 . Next, the procedu re 

25 proceeds to step S305, an after -starting correction amount 
of the fuel injection amount is calculated on the basis of 
the engine rotation speed and the load. Next, the procedure 
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proceeds to step S306, and a warm -up correction amount of the 
fuel injection amount is calculated on the basis of the 
cooling water temperature. Next, the procedure proceeds to 
step S307, and other correction amount 1 is calculated. 
5 On the other hand f when the judgment condition of the 

step S303 is not established, that is, wh en the air pump 33 
is OFF and the secondary air is not being supplied (before 
time tl and after time t4 shown in Fig. 16A), the procedure 
proceeds to step S308, and an after -starting correction 

10 amount of the fuel injection amount is calculated on the basis 
of the engine rotation speed and the load. Next, the procedure 
proceeds to step S309, and a warm -up correction amount of the 
fuel injection amount is calculated on the basis of the 
cooling water temperature. Next, the procedure proceeds to 

15 step 310, and other correction amount 1 is calculated on the 
basis of the other operation parameters of the internal 
combustion engine 10. 

On the other hand, when the judgment condition of the 
step S302 is not established, that is, the cooling water 

20 temperature is high to be the specified temperature or higher 
and the cold starting is not performed, the procedure proceeds 
to step S3 11, and other correction amount 2 is calculated on 
the basis of the other operation parameters of the internal 
combustion engine 10. After the processing of the step S307, 

25 the step s310 or the step S3 11, the procedure proceeds to step 
S312, the final fuel injection amount TAU is calculated, and 
this routine is ended. 
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Next, a processing procedure of air pump correction 
amount calculation of the fuel injection amount at the step 
S304 of the open loop control routine of Fig. 4 will be 
described based on a flowchart of Fig. 15 and with reference 
5 to Figs. 16A and 16B. 

In Fig. 15, first, at step S6012, a calculation 
processing of a BASE value is executed. This BASE value is 
a final attained value of a combustion air -fuel ratio as an 
air-fuel ratio which is estimated and calculated while the 

10 engine rotation speed of the internal combustion engine 10 
and the intake air amount are made parameters, i s supplied 
to the internal combustion engine 10 and contributes to the 
combustion (see the BASE value shown in Fig. 16A) . Next, the 
procedure proceeds to step S6022, and it is judged whether 

15 the air pump 33 becomes ON from an OFF state. When the judgment 
condition of the step S6022 is established, that is, when the 

air pump 33 has just become OFF ON, the procedure proceeds 
to step S6032, and an air pump ON immediate flag APON is set 
to "1". On the other hand, the judgment condition of the step 
20 S6022 is not established, that is, when the air pump 33 has 

not just become OFF -> ON, the step S6032 is skipped. 

Next, the procedure proceeds to step S6042, and it is 
judged whether the air pump ON immediate flag APON is "1". 
When the judgment condition of the s tep S604 2 is established, 
2 5 that is, when the air pump ON immediate flag APON is "1", the 
procedure proceeds to step S6052, and a delay time is set. 
This delay time is a time provided before the change of the 
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combustion air -fuel ratio is started, so that un burned HC from 
the internal combustion engine 10 is not increased 
immediately after the air pump 33 becomes ON from the OFF state, 
and is set on the basis of the intake air temperature and the 
5 cooling water temperature of the internal combustion engine 
10. 

Next, the procedure proceeds to step S6062, and the air 
pump ON immediate flag APON is reset to "0". Next, the 
procedure proceeds to step S6072, and a gradual change amount 

10 is calculated while for example, the cooling water 
temperature of the internal c ombustion engine 10 is made a 
parameter. This gradual change amount is for gradually 
changing the combustion air -fuel ratio stepwise so that the 
combustion air -fuel ratio in accordance with the amount 

15 increasing correction of the fuel injection amount to the 
internal combustion engine 10 is not suddenly set to the BASE 
value. By this, while the amount increasing correction of 
the fuel injection amount to the internal combustion engine 
10 is performed, the unburned HC from the internal combustion 

20 engine 10 can be reduced. On the other hand, when the judgment 
condition of the step S6042 is not established, that is, when 
the air pump ON immediate flag APON is "0", the step S6052 
to the step S6072 are skipped. 

Next, the procedure proceeds to step S6082, and it is 

25 judged whether the delay time set at the step S6052 has passed. 
When the judgment condition of the step S6082 is not 
established, that is, the delay time has not passed, this 
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routine is ended without doing anything. On the other hand, 
when the judgment condition of the step S6082 is established, 
that is, when the delay time has passed, the procedure 
proceeds to step S6092, and it is judged whether the air pump 
5 correction amount reaches the BASE value. When the judgment 
condition of the step S6092 i s not established, that is, when 
the air pump correction amount does not reach the BASE value, 
the procedure proceeds to step S6102, a new air pump 
correction amount is obtained by adding the gradual change 

10 amount calculated at the step S6072 to the last a ir pump 
correction amount, and this routine is ended. On the other 
hand, when the judgment condition of the step S6092 is 
established, that is, when the air pump correction amount 
reaches the BASE value, the procedure proceeds to step S6112, 

15 the BASE value is made the air pump correction amount, and 
this routine is ended. 

As described above, when the amount increasing 
correction of the fuel injection amount to the internal 
combustion engine 10 is performed, and when the air pump 33 

20 is ON and the secondary air is being supplied, the specified 
delay time (period of from time tl to time t2 shown in Fig. 
16A) from the supply start of the secondary air is provided, 
and after this, the air pump correction amount is gradually 
changed until the combustion air -fuel ratio in accordance 

25 with the amount increasing correction of the fuel injection 
amount to the internal combustion engine 10 reaches the BASE 
value (period of from time t2 to time t3 shown in Fig. 16A) , 

48 



» >» 

».l • 

and as shown by the solid line in Fig. 16A, the unbur ned HC 
from the internal combustion engine 10 during the supply of 
the secondary air as well as at the initial stage of the supply 
of the secondary air can be reduced. Besides, since the sudden 
5 change in the combustion air -fuel ratio does not occur during 
the supply of the secondary air as well as at the initial stage 
of the supply of the secondary air, the change in the engine 
rotation speed is suppressed and the drivability can be 
improved . 

10 Incidentally, in the secondary air supply control shown 

in Fig. 16B, the secondary air is supplied in the period of 
from time tOl to time t02 which is the same period as that 
of the foregoing modified example. However, immediately 
after the secondary air is supplied at time tOl, the 

15 combustion air -fuel ratio in accordance with the amount 
increasing correction of the fuel injection amount to the 
internal combustion engine is immediately changed to the BASE 
value shown in Fig. 16A. It is understood that due to the 
sudden change in the combustion air -fuel ratio, the unburned 

20 HC from the internal combustion engine is increased during 
the supply of the secondary air as well as at the initial stage 
of the supply of the secondary air. Besides, by the sudden 
change in the combustion air -fuel ratio, a large change occurs 
in the engine rotation speed, and the drivability also becomes 

25 worse. 

As stated above, the secondary air supply control 
apparatus of the internal combustion engine of this modified 
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example includes the three -way catalyst 23 disposed midway 
in the exhaust pass age 22 of the internal combustion engine 
10 and for purifying the exhaust gas, the secondary air supply 
mechanism 30 for supplying the secondary air into the exhaust 
5 passage 22 at the upstream side of the three -way catalyst 23 , 
the A/F sensor 24 as the air -fuel ratio detection unit 
disposed in the exhaust passage 22 at the upstream side of 
the three-way catalyst 23 and at the downstream side of the 
secondary air supply hole 31a of the secondary air supply 

10 passage 31 and for detecting the air -fuel ratio in the exhaust 
gas, and the fuel supply control unit realized by the CPU 41 
of the ECU 40 and for setting, when the fuel injection amount 
to the internal combustion engine 10 is increased to maintain 
the air-fuel ratio detected by the A/F sensor 24 during the 

15 supply of the secondary air provided by the secondary air 
supply mechanism 30, the specified delay time from the supply 
start of the secondary air for the increase in the amount. 
Besides, the fuel supply control unit realized by the CPU 41 
of the ECU 40 of the secondary air supply control apparatus 

20 of the internal combustion engine of this modified example 
gradually changes the fuel injection amount until the 
increase in the amount is attained. 

That is, when the fuel injection amount to the internal 
combustion engine 10 is increased so as to maintain the 

25 bef ore-catalyst air -fuel ratio introduced to the three -way 
catalyst 23 as the air -fuel ratio detected by the A/F sensor 
24 during the supply of the secondary air provided by the 
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secondary air supply mechanism 30, the specified delay time 
from the supply start of the secondary air is set for the 
increase in the amount, and the fuel injection amount is 
gradually changed until the increase in the amount is attained. 
5 By this, it is possible to reduce the unbur ned HC from the 
internal combustion engine 10 in accordance with the amount 
increasing correction of the fuel injection amount to the 
internal combustion engine 10 during the supply of the 
secondary air as well as at the initial stage of the supply 

10 of the secondary air, and the early warm -up of the three-way 
catalyst 23 can be realized while the emission is improved. 
Besides, the change in the engine rotation speed in accordance 
with the amount increasing correction is suppressed and the 
drivability can be improved. 

15 Next, a fourth embodiment of the present invention will 

be described. 

An internal combustion engine to which a secondary air 
supply control apparatus of an internal combustion engine is 
applied and its peripheral equipment are the same as thos e 

20 of the first embodiment shown in Fig. 1. 

A processing procedure of a secondary air supply control 
by the CPU 41 of the ECU 40 used in the secondary air supply 
control apparatus of the internal combustion engine according 
to the fourth embodiment of the invention will be described 

25 based on the flowchart of Fig. 2 and with reference to Figs. 
18A and 18B. Here, Fig. 18A is a time chart showing transition 
states of various sensor signals and various control amounts 
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corresponding to the secondary air supply control of this 
embodiment, and Fig* 18B is a time chart showing transition 
states of various sensor signals and various control amounts 
corresponding to a secondary air supply control for 
5 comparison in which an air -fuel ratio feedback control is 
executed by using a before -catalyst air -fuel ratio introduced 
to the three-way catalyst 23 and detected by the A/F sensor 
24 during the supply of the secondary air as it is. 
Incidentally , this secondary air supply control routine is 

10 repeatedly executed by the CPU 41 at specified time intervals. 

In Fig. 2, at step S101, it is judged whether the 
secondary air supply control condition for early warming up 
and activating the three -way catalyst 23 is established. This 
secondary air supply control condition is establis hed when 

15 the cooling water temperature detected by the water 
temperature sensor 28 is a specified temperature or higher, 
the stop period from the end of warm -up of the internal 
combustion engine 10 is short, or the intake air amount is 
relatively small. When the judgment condition of the step 

20 S101 is established, that is, the secondary air supply control 
condition is established, the procedure proceeds to step S102, 
the air pump 33 is turned ON (see a period of from time to 
to time tl shown in Fig. 18A in which the secondary air is 
being supplied), and this routine is ended. 

25 When the judgment condition of the step S101 is not 

established, that is, when the secondary air supply control 
condition is not established, the procedure proceeds to step 
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SI 03, the air pump 33 is turned OFF (see a period before time 
to and after time tl shown in Fig. 18A in which the supply 
of the secondary air is stopped), and this routine is ended. 
A processing of a fuel injection control by the CPU 41 
5 of the ECU 40 is performed based on the flowchart of Fig. 3 
similarly to the first embodiment, and is repeatedly executed 
by the CPU 41 at specified time intervals. 

When the judgment condition of the step S203 is 
established, that is, when the A/F sensor 24 is activated, 

10 the operation state of the internal combustion engine 10 is 
in the steady state, and the air -fuel ratio F/B control 
condition is established (in this embodiment, the same time 
to as the supply start of the secondary air and the subsequent 
time shown in Fig. 18A), the procedure proceeds to step S205, 

15 an after -mentioned air -fuel ratio F/B control processing is 
executed, and this routine is ended. Incidentally, in this 
embodiment, it is assumed that the air -fuel ratio F/B control 
condition is established at the same time tO as the supply 
start of the secondary air and the subsequent time shown in 

20 Fig. 18A. 

Next, a processing procedure of an open loop control at 
the step S204 of the fuel injection control routine of Fig. 
3 will be described based on the flowchart of Fig. 4 and with 
reference to Figs. 18A and 18B. 
25 In Fig. 4, at step S301, a basic fuel injection amount 

TP is calculated on the basis of the engine rotation speed 
and the intake air amount. Next, the procedure proceeds to 
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step S302, and it is judged whether co Id starting is performed. 
When the judgment condition of the step S3 02 is established, 
that is, when the cooling water temperature is low to be lower 
than a specified temperature and the cold starting is 
5 performed, the procedure proceeds to step S303, and it is 
judged whether the air pump 33 is ON. When the judgment 
condition of the step S303 is established, that is, when the 
air pump 33 is ON and the secondary air passes through the 
secondary air supply passage 31 and is supplied from the 

10 secondary air supply hole 31a to the exhaust passage 22, the 
procedure proceeds to step S304«; 

At the step S304, an air pump correction amount of the 
fuel injection amount based on the supply of the secondary 
air from the air pump 33 is calculated. Next, the procedure 

15 proceeds to step S305, and an after -starting correction 
amount of the fuel injection amount is calculated on the basis 
of the engine rotation speed and the load. Next, the procedure 
proceeds to step S306, and a warm -up correction amount of the 
fuel injection amount is calculated on the basis of the 

2 0 cooling water temperature. Next, the procedure proceeds to 
step S307, and other correction amount 1 is calculated. 

On the other hand, when the judgment condition of the 
step S303 is not established, that is, th e air pump 33 is OFF 
and the secondary air is not being supplied (before time to 

25 shown in Fig. 18A) , the procedure proceeds to step S308, an 
after-starting correction amount of the fuel injection amount 
is calculated on the basis of the engine rotation spe ed and 
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the load. Next, the procedure proceeds to step S309, and a 
warm-up correction amount of the fuel injection amount is 
calculated on the basis of the cooling water temperature. 
Next, the procedure proceeds to step S3 10, and other 
correction amount 1 is calculated on the basis of the other 
operation parameters of the internal combustion engine 10. 

On the other hand, when the judgment condition of the 
step S302 is not established, that is, when the cooling water 
temperature is high to be the specified temperature or higher, 
the procedure proceeds to step S311, and other correction 
amount 2 is calculated on the basis of the other operation 
parameters of the internal combustion engine 10. After the 
processing of the step S307, the step S310 or the step S311, 
the procedure proceeds to step S312, a final fuel injection 
amount TAU is calculated, and this routine is ended. 

Next, a processing procedure of the air -fuel ratio F/B 
control at the step S205 of the fuel injection control routine 
of Fig. 3 will be described based on the flowchart of Fig. 
5 and with reference to Figs. 18A and 18B. 

In Fig. 5, at step S401, an after -mentioned target 
air-fuel ratio setting processing is executed. Next, the 
procedure proceeds to step S402, the air -fuel ratio F/B 
control processing is executed for a target air -fuel ratio 
set at the step S401, and this routine is ended. In this 
air-fuel ratio F/B control processing, the fuel injection 
amount is adjusted so that a combustion air -fuel ratio as an 
air-fuel ratio which is es timated and calculated on the basis 
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of at least one of the engine rotation speed of the internal 
combustion engine 10, the load, the intake air amount, the 
cooling water temperature and the after -starting elapsed time, 
is supplied to the internal combust io n engine 10 and 
5 contributes to combustion is directed to the rich side and 
the lean side with respect to the target air -duel ratio 
according to the rich dither coefficient and the lean dither 
coefficient set on the basis of, as described later, an 
average air-fuel ratio as an average value of the 

10 bef ore-catalyst air -fuel ratio detected by the A/F sensor 24 
and introduced to the three-way catalyst 23 or on the basis 
of a minimum air -fuel ratio (see Fig. 18A) as a minimum value 
of the before -catalyst air -fuel ratio. 

Next, a processing procedure of the target air -fuel 

15 ratio setting at the step S401 of the air -fuel ratio F/B 
control routine of Fig. 5 will be described based on the 
flowchart of Fig. 6 and with reference to Fig. 18A. 

In Fig. 6, at step S501, it is judged whether the air 
pump 33 is ON. When the judgment condition of the step S501 

20 is established, that is, when the secondary air is being 
supplied from the air pump 33, the procedure proceeds to step 
S502, and an APON flag indicating that the seconda ry air is 
being supplied from the air pump 33 is set to "1". On the 
other hand, when the judgment condition of the step S501 is 

25 not established, that is, when the secondary air is not being 
supplied from the air pump 33, the step S502 is skipped. 

Next, the procedure proceeds to step S503, and it is 
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judged whether the APON flag is " 1" • When the judgment 
condition of the step S503 is established, that is, when the 
APON flag is "1" and the secondary air is being supplied from 
the air pump 33 (time to to time tl shown in Fig. 18A), the 
procedure proceeds to step S504, an after -mentioned target 
air-fuel ratio setting processing at the air pump ON time is 
executed, and this routine is ended. On the other hand, when 
the judgment condition of the step S503 is no t established, 
that is, when the APON flag is "0" and the secondary air is 
not being supplied from the air pump 33 (at and after time 
tl shown in Fig. 18A) , the procedure proceeds to step S505, 
a well-known normal target air -fuel ratio setting processing 
is executed, and this routine is ended. 

Next, a processing procedure of target air -fuel ratio 
setting at the air pump ON time of step S504 of the target 
air- fuel ratio setting routine of Fig. 6 and during the supply 
of the secondary air will be described b ased on a flowchart 
of Fig. 17 and with reference to Fig. 18A. 

In Fig. 17, at step S6013, it is judged whether the air 
pump is ON, the secondary air is being supplied, and the first 
target air -fuel ratio setting is performed. When the judgment 
condition of the step S6013 is established, that is, when the 
first target air -fuel ratio setting is performed (time to 
shown in Fig. 18A), the procedure proceeds to step S6023, and 
an average air -fuel ratio calculation processing is executed. 
In this average air -fuel ratio calculation processing, 
bef ore-catalyst air -fuel ratios detected by the A/F sensor 
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24 and introduced to the three -way catalyst 23 are 
successively read in, and those are subjected to arithmetic 
mean, so that the average air -fuel ratio (see Fig. 1 8A) is 
calculated. Next, the procedure proceeds to step S6033, and 
5 a final target air -fuel ratio FTR is set to a stoichiometric 
air-fuel ratio. 

Next, the procedure proceeds to step S6043, a target 
air- fuel ratio gradual change amount GCA is calculated on the 
basis of a difference between the average air -fuel ratio as 

10 the initial value of the target air -fuel ratio calculated at 
the step S6023 and the stoichiometric air -fuel ratio set at 
the step S603 3. Next, the procedure proceeds to step S6053, 
the average air-fuel ratio calculated at the step S6023 is 
made the first target air -fuel ratio at the ON time of the 

15 air pump, and this routine is ended. 

On the other hand, when the judgment condition of the 
step S6013 is not established, that is, when the first target 
air- fuel ratio setting is not performed (period until the 
average air -fuel ratio calculated at time to shown in Fig. 

20 18A becomes 1.0 (stoichiometric air -fuel ratio)), the 
procedure proceeds to step S6063, and a new target air -fuel 
ratio is calculated by adding the target air -fuel ratio 
gradual change amount calculated at the step S6043 to the last 
target air -fuel ratio. Next, the procedure proceeds to step 

25 S6073, and it is judged whether the target air -fuel ratio has 
reached the stoichiometric air -fuel ratio as the final target 
air-fuel ratio. When the judgment condition of the step S6073 



is not established, that is, when the target air -fuel ratio 
has not yet reached the stoichiometric air -fuel ratio, this 
routine is ended. 

On the other hand, when the judgment condition of the 
5 step S6073 is established, that is, when the target air -fuel 
ratio has reached the stoichiometric air -fuel ratio as the 
final target air -fuel ratio, the procedure proceeds to step 
S6083, and the final target air -fuel ratio is made the target 
air-fuel ratio. Next, the procedure proceeds to step S6093, 

10 the APON flag is set to "0", that is, it is indicated that 
the air-fuel ratio control is ended during the supply of the 
secondary air, and this routine is ended. 

Incidentally, in the secondary air supply control shown 
in Fig. 18B, similarly to the foregoing embodiment, the 

15 air-fuel ratio F/B control condition is established at time 
tOO, and the secondary air is supplied in the period of from 
time tOO to time tOl. However, during the supply of the 
secondary air, the air -fuel ratio F/B control is executed 
while the before -catalyst air -fuel ratio is made the target 

20 air-fuel ratio as it is. As stated above, in the air -fuel 
ratio F/B control in which the continuously changing 
bef ore-catalyst air -fuel ratio is made the target air -fuel 
ratio, it is understood that there occurs a change in the 
engine rotation speed corresponding to a change in the 

2 5 bef ore-catalyst air -fuel ratio and the drivability becomes 
worse. 

As stated above, the secondary air supply control 
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apparatus of the internal combustion engine of this 
embodiment includes the three -way catalyst 23 disposed midway 
in the exhaust passage 22 of the internal combustion engine 
10 and for purifying the exhaust gas, the secondary air s upply 
5 mechanism 30 for supplying the secondary air into the exhaust 
passage 22 at the upstream side of the three -way catalyst 23 , 
the A/F sensor 24 as the air -fuel ratio detection unit 
disposed in the exhaust passage 22 at the upstream side of 
the three-way catalyst 23 and at the downstream side of the 

10 secondary air supply hole 31a of the secondary air supply 
passage 31 and for detecting the before -catalyst air -fuel 
ratio which is the air -fuel ratio in the exhaust gas and is 
introduced to the three-way catalyst 23, and the air -fuel 
ratio arithmetic unit realized by the CPU 41 of the ECU 40 

15 and for calculating, as the average air -fuel ratio, the 
average value of the before -catalyst air -fuel ratio as the 
output value detected by the A/F sensor 24 during the su pply 
of the secondary air provided by the secondary air supply 
mechanism 30. Besides, the secondary air supply control 

20 apparatus of the internal combustion engine of this 
embodiment includes the air -fuel ratio F/B control unit 
realized by the CPU 41 of the ECU 40 and for executing the 
air-fuel ratio F/B control so that when the specified air -fuel 
ratio F/B (feedback) control condition is established during 

25 the supply of the secondary air provided by the secondary air 
supply mechanism 30, the average air -fuel ratio calculated 
by the air -fuel ratio arithmetic unit becomes coincident with 
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the previously set target air -fuel ratio. 

That is, during the supply of the secondary air provided 
by the secondary air supply mechanism 30, the average value 
of the before -catalyst air -fuel ratio as the output value 
5 detected by the A/F sensor 24 is calculated as the average 
air-fuel ratio as the substantial air -fuel ratio. The average 
air-fuel ratio obtained in this way can be obtained as the 
stable value even if the before -catalyst air -fuel ratio 
detected by the A/F sensor 24 is much changed. Besides, during 

10 the supply of the secondary air provided by the secondary air 
supply mechanism 30, when the specified air -fuel ratio F/B 
control condition is established, the air -fuel ratio F/B 
control is executed so that the obtained average air -fuel 
ratio becomes coincident with the previously set target 

15 air-fuel ratio. As stated above, according to the air -fuel 
ratio F/B control using the average air -fuel ratio, the 
air-fuel ratio F/B control giving priority to a reduction in 
an emission can be executed. 

Next, a modified example of the processing procedure of 

20 the target air -fuel ratio setting during the supply of the 
secondary air at the ON time of the air pump at the step S504 
of the target air -fuel ratio setting routine of Fig. 6 will 
be described based on a flowchart of Fig. 19 and with reference 
to Fig. 18A. 

25 In Fig. 19, since step S7013 to step S7093 except for 

step S7023 and step S7053 correspond to the step S6013 to the 
step S6093. of Fig. 17, their detailed description will be 
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omitted. Here, at the step S7 023, a minimum air -fuel ratio 
calculation processing is executed. In this minimum air -fuel 
ratio calculation processing, before -catalyst air -fuel 
ratios detected by the A/F sensor 24 and introduced to the 
5 three-way catalyst 23 are sequentially read in, a minimum 
value of those is obtained and a minimum air -fuel ratio (see 
Fig. 18A) is calculated. Besides, at the step S7053, the 
minimum air-fuel ratio calculated at the step S7023 is made 
the first target air -fuel ratio at the ON time of the air pump, 

10 and this routine is ended. As stated above, the secondary 
air supply control apparatus of the. internal combustion 
engine of this modified example includes the three -way 
catalyst 23 disposed midway in the exhaust passage 22 of the 
internal combustion engine 10 and for purifying the exhaust 

15 gas, the secondary air supply mechanism 30 for supplying the 
secondary air into the exhaust passage 22 at the upstream side 
of the three-way catalyst 23, the A/F sensor 24 as the air -fuel 
ratio detection unit disposed in the exhaust passage 22 at 
the upstream side of the three-way catalyst 23 and at the 

2 0 downstream side of the secondary air supply hole 31a of the 
secondary air supply passage 31 a nd for detecting the 
bef ore-catalyst air -fuel ratio which is the air fuel ratio 
in the exhaust gas and is introduced to the three -way catalyst 
23, and the air -fuel ratio arithmetic unit realized by the 

25 CPU 41 of the ECU 40 and for calculating, as the minim um 
air-fuel ratio, the minimum value of the before -catalyst 
air-fuel ratios detected by the A/F sensor 24 during the 
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supply of the secondary air provided by the secondary air 
supply mechanism 30. Besides, the secondary air supply 
control apparatus of the internal combustion engine of this 
modified example includes the air -fuel ratio F/B control unit 
5 realized by the CPU 41 of the ECU 40 and for executing the 
air-fuel ratio F/B control so that when the specified air -fuel 
ratio F/B control condition is establ ished during the supply 
of the secondary air provided by the secondary air supply 
mechanism 30 , the minimum air -fuel ratio calculated by the 

10 air- fuel ratio arithmetic unit becomes coincident with the 
previously set target air -fuel ratio. 

That is, during the supply of the secondary air provided 
by the secondary air supply mechanism 30, the minimum value 
of the before -catalyst air -fuel ratio as the output value 

15 detected by the A/F sensor 24 is calculated as the minimum 
air-fuel ratio as the substantial air -fuel ratio. The minimum 
air- fuel ratio obtained in this way can be obtained as the 
stable value even if the before -catalyst air-fuel ratio 
detected by the A/F sensor 24 is much changed. Besides, during 

20 the supply of the secondary air provided by the secon dary air 
supply mechanism 30, when the specified air -fuel ratio F/B 
control condition is established, the air -fuel ratio F/B 
control is executed so that the obtained minimum air -fuel 
ratio becomes coincident with the previously set target 

25 air-fuel ratio. As stated above, according to the air -fuel 
ratio F/B control using the minimum air -fuel ratio, the 
air- fuel ratio F/B control giving priority to the improvement 
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in the drivability can be executed • 

In the above embodiment or the modified example, 
although the description has been given to the case where the 
average air -fuel ratio or the minimum air -fuel ratio of the 
5 bef ore-catalyst air -fuel ratio detected by the A/F sensor 24 
is calculated and is used as the substantial air -fuel ratio 
introduced to the three-way catalyst 23 , in the case where 
the present invention is carried out, it is not limited to 
this. Since the output value from the A/F sensor 24 is 

10 periodically changed every combustion cycle of each cylinder 
of the internal combustion engine 10 , when it is previously 
known that a bef ore -catalyst air -fuel ratio detected by the 
A/F sensor 24 at a specified crank angle corresponds to the 
substantial air -fuel ratio, the air -fuel ratio F/B control 

15 can be performed by using only the before -catalyst air -fuel 
ratio detected at the specified crank angle. 

The secondary air supply control apparatus of the 
internal combustion engine as stated above includes the 
three-way catalyst 23 disposed midway in the exhaust passage 

20 22 of the internal combustion engine 10 and for purifying the 
exhaust gas, the secondary air supply mechanism 30 for 
supplying the secondary air into the exhaust passage 22 at 
the upstream side of the three -way catalyst 23, the A/F sensor 
24 as the air -fuel ratio detection unit disposed in the 

25 exhaust passage 22 at the upstream side of the three -way 
catalyst 23 and at the downstream side of the secondary air 
supply hole 31a of the secondary air supply passage 31 and 
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for detecting the before -catalyst air-fuel ratio as the 
air-fuel ratio in the exhaus t gas and introduced to the 
three-way catalyst 23 , the crank angle sensor 27 as the crank 

angle detection unit for detecting the crank angle [ °CA] of 
5 the internal combustion engine 10 , and the air -fuel ratio 
arithmetic unit realized by the CPU 41 of the EC U 40 and for 
calculating, during the supply of the secondary air provided 
by the secondary air supply mechanism 3 0 , the before -catalyst 
air-fuel ratio detected by the A/F sensor 24 at the specified 

10 crank angle as the actual air -fuel ratio. Besides, the 
secondary air supply control apparatus includes the air -fuel 
ratio F/B control unit realized by the CPU 41 of the ECU 40 
and for executing the air -fuel ratio F/B control so that when 
the specified air -fuel ratio F/B control condition is 

15 established during the supply of the secondary air provided 
by the secondary air supply mechanism 30, the air -fuel ratio 
calculated by the air -fuel ratio arithmetic unit becomes 
coincident with the previously set target air -fuel ratio. The 
same operation and effects as those of the foregoing 

20 embodiment or the modified example can be expected. 

Then, in the above embodiment and the modified example, 
although the description has been given to the case where the 
target air-fuel ratio in the air -fuel ratio F/B control is 
set on the basis of the output value detected by the A/F sensor 

25 24 during the supply of the secondary air provided by the 
secondary air supply mechanism 30, in the case where the 
present invention is carried out, it is not limited to this. 
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For example, in the case where after the supply of the 
secondary air is ended , its influence remains and the engine 
rotation speed is changed, an air -fuel ratio F/B control 
similar to that during the supply of the secondary air may 
5 be executed even after the end of the supply of the secondary 
air. 

The air-fuel ratio F/B control unit realized by the CPU 
41 of the ECU 40 of the secondary air supply control apparatus 
of the internal combustion engine as stated above executes 

10 the air-fuel ratio F/B control in the period when the supp ly 
of the secondary air provided by the secondary air supply 
mechanism 30 has an influence. Not only during the supply 
of the secondary air provided by the secondary air supply 
mechanism in the foregoing embodiment and the modified 

15 example, but also in the case where the engine rotation speed 
is changed by its influence even after the supply of the 
secondary air, a similar air -fuel ratio F/B control is 
continuously executed. Thus, in addition to the operation 
and effects of the foregoing embodiment or the modified 

20 example, further reduction in the emission and the 
improvement of the drivability can be expected. 
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